Hypertriglyceridemic pancreatitis (HTGP) typically occurs in patients with an underlying dyslipidemia (such as type I, IV or V dyslipidemia) and in the presence of a secondary condition, such as inadequately controlled diabetes, excess alcohol consumption or medication use. Although the symptoms of HTGP are similar to those of acute pancreatitis from other etiologies, HTGP is often associated with greater clinical severity and rate of complications. Therefore, accurate diagnosis of HTGP is essential so that patients receive the appropriate treatment. Novel therapies that aim to reduce the incidence of pancreatitis in this patient population are now available or in development. Understanding the etiology, pathophysiology and clinical characteristics of HTGP will enable future development of therapeutic agents to treat HTGP.
Introduction
Hypertriglyceridemia (HTG) is one of the major causes of acute pancreatitis (AP), accounting for up to 10% of all cases. [1] [2] [3] Although the precise mechanism by which HTG causes AP (termed hypertriglyceridemic pancreatitis (HTGP)) is not fully understood, both HTG (by causing an excess of free fatty acids (FFAs)) and elevated chylomicrons are thought to increase plasma viscosity, which may induce ischemia in pancreatic tissue and trigger organ inflammation. 1, 2, 4, 5 Several types of HTG expose patients to an increased risk of AP. Familial lipoprotein lipase deficiency (LPLD) is a genetic disorder characterized by severe HTG and chylomicronemia associated with recurrent AP episodes. 6 Excess alcohol consumption may cause increased serum triglyceride levels in patients with underlying HTG that increases the risk of AP. 5, 7 HTGP may also occur in some pregnant women as a result of altered hormone levels that trigger elevations in serum cholesterol and triglycerides, and can lead to severe complications both for mother and fetus. 5, 8, 9 Patients with HTGP initially exhibit symptoms that are similar to those observed in patients with AP from other etiologies. However, the clinical severity and the rate of complications with HTGP are generally higher. 10 Therefore, an accurate diagnosis is essential for delivery of the most appropriate treatment, as well as for prevention of disease recurrence. This review discusses the etiology, epidemiology, pathophysiology and clinical characteristics of HTGP, and provides an overview of the currently available and possible future treatments.
Classification of HTG and definition of HTGP Primary HTG
According to the Fredrickson classification, primary (inherited) HTG can be caused by five types of hyperlipidemia. 11 Patients with type I, IV and V hyperlipidemia have an increased risk of HTGP. 5 In type I hyperlipidemia, mainly the chylomicron metabolism is affected, resulting in high levels of circulating triglyceride-rich chylomicrons (chylomicronemia). LPLD is a rare autosomal recessive disorder caused by homozygosity or compound heterozygosity for mutations in the lipoprotein lipase (LPL) gene on chromosome 8.
LPL is a key enzyme involved in the metabolism of triglyceride-rich lipoproteins such as chylomicrons and very-low-density lipoproteins (VLDLs). Patients with LPLD present with severe HTG and chylomicronemia, and are at higher risk of pancreatitis than patients with HTG from other causes. 12 Mutations in genes encoding LPL co-factors and maturation proteins such as lipase maturation factor-1, glycosyl-phosphatidyl-inositol-anchored HDL-binding protein-1, apolipoprotein (Apo) C-II and Apo A-V can cause chylomicronemia and are associated with clinical manifestations resembling LPLD. 13 Therefore, full gene sequencing of LPL and the four co-factor genes is often the preferred method in establishing the diagnosis in patients with suspected LPLD. 13 Type IV (familial combined hyperlipidemia) is characterized by elevated VLDL levels, and results from mutations in several genes with an environmental effect. 13, 14 Type V hyperlipidemia (familial HTG), in which both chylomicrons and VLDL are elevated, is caused by alterations of genes that induce a reduction in catabolism. In patients with type IV or V hyperlipidemia, elevated triglycerides are affected by environmental factors, including obesity, excessive alcohol consumption and diet. 13, 14 Both type IV and type V hyperlipidemia are autosomal-dominant disorders that are more prevalent than type I hyperlipidemia. 5 
Secondary HTG
Causes of secondary (acquired) HTG include inadequately controlled diabetes, pregnancy, obesity, excess alcohol consumption and medications. 5 Secondary HTG alone does not usually represent a risk factor for AP; however, in patients with an underlying dyslipidemia, a secondary cause of HTG may result in clinically significant increases in triglyceride levels that could lead to AP. 5 
Definition of HTGP
The diagnosis of AP is based on the revised Atlanta classification criteria. 15 In general, serum triglyceride levels > 1000 mg/dl are thought to be necessary to induce HTGP, however, there is no clear threshold above which HTG is known to trigger AP. 2 The diagnosis of HTGP is therefore definitive when serum triglyceride levels are > 1000 mg/dl at clinical onset. The diagnosis remains probable if the increase of serum triglyceride levels is < 1000 mg/dl, and the presence of other cofactors should also be investigated.
Etiology of HTGP
The most common causes of AP are gallstones, alcoholism and HTG. 1, 2 Although the risk of AP in patients with elevated serum triglycerides has not been clearly defined, high chylomicron levels are known to be necessary to trigger AP. 1 In a population-based study, the risk of AP increased by 4% with every 100 mg/dl increase in triglycerides (after adjustment for covariates and exclusion of patients hospitalized for chronic pancreatitis, gallstones, alcohol-related disorders, renal failure and other biliary disorders). 16 Similarly, in a prospective cohort study, the risk of AP was significantly increased in patients with triglycerides 145 mg/dl compared with patients with triglycerides 75 mg/dl (adjusted hazard ratio 1.55, 95% confidence interval 1.09-2.21). 17 Moreover, in a study in patients with a history of AP, 50% of those who experienced HTGP exhibited impaired clearance of exogenous triglycerides. 18 
Epidemiology of HTGP
In a retrospective study of patients with severe HTG (triglycerides > 1000 mg/dl), the incidence of AP was 20%.
14 In another prospective study, the incidence of AP was higher among patients with severe HTG than those with lower triglyceride levels, with AP being reported in 16% of patients with triglyceride levels > 1772 mg/dl versus 3% of those with triglyceride levels between 886 mg/dl and 1771 mg/dl. 19 In other prospective and retrospective studies among patients with AP, the incidence of HTGP was 2.3%-10%. [20] [21] [22] In younger patients (aged < 50 years), HTGP appears to be more prevalent in males than females, while biliary AP seems to affect a greater percentage of older patients (aged > 70 years). 23 AP during pregnancy has an estimated incidence of 1 in 1000-10,000 pregnancies, and the incidence of familial HTGP during pregnancy is estimated to be 1 in 25,000 pregnancies. 24 In one study in pregnant female patients with AP, HTGP was reported in 30% of patients. 8 
Pathophysiology of HTGP
Two theories have been proposed to explain the pathophysiology of HTGP.
1,2,5 First, excess triglycerides are transported as triglyceride-rich lipoproteins (chylomicrons), which are hydrolyzed in the vascular bed of the pancreas. This releases high levels of FFAs that exceed the binding capacity of plasma albumin, and unbound FFAs self-aggregate into micellar structures with detergent properties. These toxic structures can cause damage to platelets, the vascular endothelium and acinar cells, which results in ischemia and acidosis. Acidosis further increases FFA toxicity by activation of trypsinogen, which triggers AP. 1, 2, 5 In the second theory, elevated levels of chylomicrons, the largest among lipoproteins, cause an increase plasma viscosity.
1,2,5 Plasma hyperviscosity leads to capillary plugging and ischemia, which enhances acidosis and eventually triggers AP. 1, 2, 5 It is likely that both mechanisms contribute to the development of HTGP (Figure 1) .
Only a small proportion of patients with HTG develop AP. 4 HTGP generally occurs in patients with HTG and one or more secondary factors, including inadequately controlled diabetes, alcoholism, pregnancy, medications and genetic abnormalities. 4 Indeed, a genetic analysis of patients with HTG by Chang and colleagues identified two genetic mutations in the cystic fibrosis transmembrane conductance regulator and the tumor necrosis factor promoter that may contribute to HTGP in some patients. 25 HTGP in particular conditions LPLD LPLD is a rare autosomal recessive form of primary HTG (type I hyperlipidemia) caused by mutations in the LPL gene, located on chromosome 8. 6 LPL is expressed in adipose and skeletal and cardiac muscle tissues, where it hydrolyzes triglycerides in chylomicrons and VLDL to release FFAs for energy production in tissues. Patients with LPLD have impaired chylomicron plasma clearance, which results in elevated serum triglycerides and chylomicronemia. In addition, patients with LPLD typically have childhood onset, very severe HTG with episodes of abdominal pain, eruptive cutaneous xanthoma and hepatosplenomegaly. One of the more severe symptoms of LPLD is recurrent AP. 6 Pregnancy HTGP during pregnancy is largely related to familial HTG. 10 Severe familial HTG can cause deregulation of lipid levels in pregnant women, particularly during the third trimester, and is known to be associated with AP during pregnancy. 24 Elevated estrogen levels during pregnancy lead to reduced LPL activity and increased VLDL synthesis, which results in increased chylomicron and triglyceride levels. 24 Triglyceride levels normally reach a peak during the third trimester that is approximately twofold higher than pre-pregnancy levels. 5, 24 These elevated triglyceride levels contribute to fetal growth and development, 8 and have no consequences for most women. However, in those with an underlying dyslipidemia, it may lead to severe HTG and chylomicronemia that precipitates AP. 5 Although most cases of HTGP during pregnancy occur in women with existing dyslipidemia, pregnancy can be a contributing factor in otherwise healthy women. Cases of HTGP during pregnancy have been reported in which there was no history of lipid abnormality, alcohol use or drug intake. 25, 26 HTGP is often difficult to diagnose in pregnant women owing to changes in biochemical and hematological parameters that occur during pregnancy that can influence the interpretation of diagnostic tests. 9, 24 Nonetheless, HTGP during pregnancy is a severe condition that can lead to complications, including maternal and fetal death. 8, 9, 25 Early diagnosis followed by prompt management of the pancreatitis and serum triglyceride levels may improve maternal and fetal outcomes.
9,25
Uncontrolled diabetes HTGP is common in patients with inadequately controlled type 1 or 2 diabetes. 5 In patients with type 1 diabetes, decreased insulin production results in a marked reduction in LPL activity, which leads to HTG. Hyperinsulinemia and insulin resistance in patients with type 2 diabetes enhances triglyceride production and decreases plasma triglyceride clearance. 5 
Alcohol consumption
Alcohol consumption on its own does not appear to increase plasma triglycerides to levels that would trigger AP. 5 However, in combination with a high-fat diet in a patient with an underlying dyslipidemia, alcohol use may exacerbate HTG and trigger AP. 5, 7 Studies have indicated that moderate to high alcohol consumption can lead to elevated serum triglycerides, mainly due to increased VLDL secretion. 27, 28 Alcohol competes for oxidation with FFAs, which results in increased FFA availability for triglyceride synthesis and increased hepatic VLDL secretion that may lead to HTG and chylomicronemia. 5 However, given that alcohol abuse is commonly associated with AP, 29 the diagnosis of HTGP may be overlooked in some alcoholic patients.
Other at-risk populations
As discussed above, some genetic polymorphisms are associated with HTGP, although very little is known about the role of these genetic factors and how they may increase susceptibility to HTGP. 30 Several cases of drug-induced HTGP have been reported. HTGP was reported in patients on estrogen therapy in two case studies and one observational study. [31] [32] [33] Other case studies have reported HTGP in patients on olanzapine therapy (triglycerides: 416.2 mg/dl), b-blockers (triglycerides: 1009 mg/dl), protease inhibitors (triglycerides: 1778.4 mg/dl), tamoxifen (triglycerides: 920 mg/dl) and isotretinoin (triglycerides: 1501.3 mg/dl). [34] [35] [36] [37] [38] The probable mechanism of development of HTGP reported in these studies was direct elevation of serum triglycerides. However, it should be noted that because these reports are based on case studies, the level of evidence for causality between the drugs and HTGP is low.
Clinical characteristics Diagnosis
The clinical presentation of HTGP is similar to AP from other causes, 1,2,39 and includes epigastric pain, increased serum levels of pancreatic enzymes and typical AP findings on imaging. 4 Among patients with AP, a diagnosis of HTGP should be based on secondary risk factors (e.g. inadequately controlled diabetes, pregnancy or alcohol consumption), physical examination findings (e.g. eruptive xanthomas or signs of metabolic syndrome) and results of biochemical assays. 4 Patient history of diabetes and alcohol and medication use, as well as family history of dyslipidemia, should be carefully evaluated. 5 It can be difficult to identify HTG as the etiology in AP, as mild to moderate increases in serum triglycerides are commonly observed in the early phases of AP, regardless of cause. 4, 40 In patients with AP, the presence of lactescent serum is a strong indicator of HTGP. 4, 5 As triglycerides rapidly decrease within the first 48 hours, serum triglyceride levels should be determined as early as possible after the onset of AP to ensure that a diagnosis of HTGP is not delayed or missed completely. 1, 2, 4 Although serum amylase and/or lipase levels are elevated in patients with AP, serum levels of pancreatic enzymes can be falsely reduced in patients with HTG, most likely due to assay interference, which may also delay diagnosis. 4, 5 Therefore, patients with suspected HTGP may be referred to a lipid specialist in order to establish and treat the potential causes of HTG as soon as possible. 2 
Prognosis
The average mortality rate of AP is approximately 2% but can be as high as 20%-30% in patients with persistent organ failure. 40, 41 Early diagnosis and adequate medical intervention generally results in improved outcomes. 39 Detection of milder cases of AP through improved diagnostic tests has also led to progressive decreases in the incidence of case fatality from AP; however, the population mortality rate remains unchanged. 39 While HTGP is often associated with a higher severity or a higher complication rate than AP from other etiologies, there is no correlation between the severity of HTG and mortality. 10, 20 Furthermore, there is a negative correlation between recurrent AP and mortality. 39 Although the reasons for this remain unclear, it has been postulated that a naı¨ve pancreas may be more susceptible to severe injury than a pancreas that has experienced previous AP episodes. 39 After recovery, the serum triglyceride levels appear to correlate with the risk of recurrence. Indeed, reduction of triglyceride levels at follow-up shows a significant clinical benefit in reducing the relapse rates of pancreatitis in patients with severe hypertriglyceridemia. 42 The risk of pancreatitis recurrence has been found to increase by 4% for every 100 mg/dl increase in serum triglyceride concentration. 16, 42 Treatment and management Several treatment strategies have been proposed for the management of HTGP (Table 1) . Initial treatment of HTGP is similar to that of AP caused by other etiologies, and includes bowel rest, fasting, intravenous hydration and analgesics. 1, 4, 5 As triglyceride levels normalize within 24-48 hours in most patients, estimation of serum triglycerides should be undertaken as early as possible after AP onset when HTGP is suspected. 1, 4, 5 In patients with severe HTGP, apheresis can rapidly reduce serum chylomicron and triglyceride levels. However, the procedure has limited availability, is very expensive and there is limited evidence that it reduces HTGP-related morbidity or mortality. 2, 4, 43 Insulin is known to activate LPL, which causes increased chylomicron degradation, and can therefore be used to lower serum triglycerides. 2 It can concurrently control hyperglycemia in patients with inadequately controlled diabetes, although its use is not limited to these patients. 2, 4 Unfractionated heparin also stimulates the release of LPL from endothelial cells, but as the increase in LPL activity is transient and usually followed by a rapid depletion in LPL plasma stores, its use remains controversial. 1, 2, 4 Fibrates (e.g. gemfibrozil), used for the treatment of primary HTG, can lower serum triglycerides via increased LPL and decreased hepatic triglyceride synthesis. 5 However, these drugs are associated with adverse effects, including myalgia, elevated liver enzymes and AP. 5 Furthermore, fibrates are ineffective in the management of chylomicronemia in patients with LPLD, 12, 44 and given that LPL gene mutations are associated with insulin resistance, 45 insulin therapy is also inappropriate in these patients.
Strict dietary restriction of fat intake can play an important role in the management of HTGP. 5 However, in patients with LPLD, compliance with dietary interventions may not decrease the risk of AP. 12 Novel therapies for HTG include antisense oligonucleotides against messenger RNA (mRNA) for apolipoprotein B (mipomersen, Genzyme, USA) and C3 (volanesorsen, ISIS 304801, Akcea Therapeutics, Cambridge, MA, USA), small-molecule inhibitors of microsomal triglyceride transfer protein (lomitapide, Aegerion Pharmaceuticals, Cambridge, MA, USA) and diacylglycerol acyltransferase-1 (pradigastat, Novartis, Switzerland), a monoclonal antibody against angiopoietin-like protein 3 (REGN1500, Regeneron Pharmaceuticals, Tarrytown, NY, USA), agonists of peroxisome proliferator-activated receptors and gene therapy for LPLD (alipogene tiparvovec, uniQure N.V., Amsterdam, Netherlands). 46 A meta-analysis of eight randomized, controlled trials involving patients with dyslipidemia showed that treatment with mipomersen significantly reduced serum triglyceride levels compared with placebo ( p < 0.00001). 47 Another study in three patients with familial chylomicronemia reported that treatment with volanesorsen was associated with a 56%-86% reduction in triglycerides. 48 A single-arm, open-label, phase 3 study in patients with homozygous familial hypercholesterolemia reported a 31% reduction in triglycerides after 78 weeks' treatment with lomitapide. 49 Similarly, an open-label clinical study in patients with LPL deficiency reported a 41% and 70% reduction in triglycerides in patients treated with pradigastat 20 mg and pradigastat 40 mg, respectively. 50 Also, an open-label trial determining the safety and efficacy of alipogene tiparvovec reported a statistically significant reduction in triglyceride levels of patients with LPLD during weeks 3-12 ( p ¼ 0.0009) and a > 40% reduction in triglycerides 3-12 weeks after treatment. 44 In addition to medication, prevention of recurrent AP can be achieved through alcohol abstinence, weight loss, drug discontinuation (in cases of druginduced HTGP), adequate control of diabetes, dietary restriction of fat intake and administration of fish oil supplements. 5 
Conclusions
Factors that lead to HTGP include LPLD, inadequately controlled diabetes, excess alcohol consumption and pregnancy in patients with underlying 
